INTRODUCTION
However, the trend of the telecommunications is to become more and more asynchronous and with higher data rates in the downlink than in the uplink. This is useful for services like Web browsing, Data Base Access, Multimedia services, etc. To obtain this, it is important to study MS intensively, in order to achieve better performances and capacities, with higher data rates, in the downlink direction.
It is known that the loss of orthogonality that occurs in the downlink of UMTS, between orthogonal spreading sequences of different users occurs due to the multipath fading channel (since the link can be considered synchronous, when we take a MS as reference), which originates both MAI and IPI. These are the sources of interference that we intend to cancel to allow an increase in performance.
II.
AN OVERVIEW AT MULTI-USER DETECTORS Optimal MUD, usually known as Maximum Likelihood Sequence Detectors (MLSD), are too complex for practical application (its complexity increases exponentially with the increase of the number of users). On the other hand, suboptimal MUD has a complexity that increases linearly with the increase of the number of users, allowing a simpler practical implementation. The latter can take two different approaches: linear MUD (e.g.: Decorrelating [1] , Minimum Mean Square Error (MMSE) [1] ) and subtractive MUD, namely the Successive Interference Cancellation (SIC) [3] and Parallel Interference Cancellation (PIC) [1] [2] [3] 5] Interference -ISI), the estimates of the CIR and the MAI seen by each user (in the receiver of the reference user). For this reason, in environments with high level of noise or in channels that introduce high level of IPI, the use of these MUD techniques lead only to a small performance improvement, if any. To improve the liability of the MAI cancellation, this can be done in several levels of cancellation, because the estimate of the transmitted symbols tends to improve with the increase of levels of cancellation. However, it is usual performing the cancellation only once of all higher power users successively (SIC) or two or three times all users in parallel (PIC). This is done in order to achieve a good level of MAI cancellation, without introducing an excessive delay in signal. To obtain a certain performance improvement in an environment without power control a smaller number of iterations is enough for the SIC than with a conventional PIC [2, 3] , which corresponds usually to the uplink situation. When the environment presents effective power control (downlink), the conventional PIC tends to achieve better performance, although, it is more complex. Since we consider a PIC with growing subtractive coefficients, the PIC appears being the best choice even without effective power control [2, 3, 6] . In addition, since the present study focus on the downlink, the PIC is the best Subtractive Interference Cancellation scheme.
The PIC detector [2, 3, 5] estimates and subtracts all the MAI generated in parallel, by all users, simultaneously. The In each level of cancellation, it inputs the estimate of the received signal, after reducing the MAI estimated from the previous level, so as to produce an estimate of the MAI at the output, which will then be partially subtracted. As exposed above, the partial subtraction is due to the presence of noise, IPI and MAI, which decreases the estimate of the MAI. A technique often considered consists of subtracting only a part of the estimated MAI (coefficient between 0 and 1). In each level of subtraction, the percentage of MAI subtracted, is increased as the order of subtraction increases, i.e., as the precision of the MAI estimated increases. However, a problem arises when we are dealing with the optimisation of those subtractive coefficients. The solution to that problem is as follows: based on MMSE error considerations and convenient Gaussian approximations, it is possible to derive an optimal tentative decision function for the intermediate estimates [7] . For QPSK and 16-QAM modulations the function is a hyperbolic tangent of the matched filtered statistics applied independently to the inphase and quadrature components. The piecewise linear Clipped Soft Decision (CSD) is a good approximation of the hyperbolic tangent. The CSD function retains the advantages of both the linear and the hard-decision functions, while avoiding some of their obvious shortcomings. Small correlator outputs lead to unreliable data estimates, and thus, only a small amount of signal cancellation should be carried out. The inverse also applies.
On the other hand, the SIC detector [3] Multi-user detection has been investigated mostly from the viewpoint of MAI cancellation. However, due to multipath channel profile there is also self and mutual interference caused by the loss of orthogonality that arrives from different multipath. The proposed MUD considers a RAKE in the receiver and applies to a frequency selective fading channel. The transmitted signal is given by: (5) where Zdec = Tz, standing for the noise at the MUD output. In analogy with the transmitter precoding scheme defined in [8] , and assuming that signals are subject to frequency selective fading channel, the received signal at the BS from theph MS can be expressed as: rp (t) = Sp (t,b) + np (t) (6) where: 
where, due to the size window 3, {R(l-n)}ij = 0 for every ij, such that i -il > 1. In opposition to the conventional correlation matrix, (9) 
( 1 1) and K (2M + 1) xl vectors such that:
Hence, we express the vector of the RAKE receiver outputs due to K users as:
The matrix R can, now, be interpreted as the crosscorrelation matrix for an equivalent synchronous AWGN problem where the whole transmitted sequence is considered to result from (2M + 1) x K users, during one transmission interval of duration = (2M + 1) x Tb . The matrix R is not symmetric anymore. Now, applying the decorrelating MUD to the output of the RAKE receiver, the vector of decision statistics becomes: y( D) =RTAb+Tz=RTAb+Zdec = T S) (15) Now, our problem in multipath channels is processed as K decoupled single user detection problems.
IV.
SIMULATION RESULTS
All the Monte Carlo simulation results presented in this section consider the QPSK modulation with the Pedestrian A and the Vehicular A propagation models of 3GPP [9] . The mentioned propagation models were selected to evaluate the effect of the multipath interference in the performance of the proposed MUD Eb/NO (dB) to the Pedestrian A), the perfornance improvement achieved with the proposed Decorrelating MUD over the PIC is higher. This is a consequence of worse initial estimate of transmitted symbols performed by the PIC, originating propagation errors, when in the presence of higher level of multipath interference.
'u,,n- When we combine the Decorrelating with the PIC (Decorrelating+PIC), we find a performance improvement over the PIC. Furthermore, the reason why the Decorrelating+PIC performs worse than the proposed Decorrelating is because the PIC suffers of propagation errors in the further iterations. By combining the Decorrelating with the PIC we first use the Decorrelating to estimate the transmitted symbols by the different users, as well as the correspondent estimate of MAI, and this estimate is more accurate than that performed by the first iteration of the PIC in stand-alone. This happens because the Decorrelating also considers IPI vectors, which combats more effectively the Interpath Interference generated by the channel. After the initial estimate had been performed by the Decorrelating, we apply two iterations of the PIC to subtract the MAI previously estimated.
In Figure 2 it is shown the performance obtained with 15 
CONCLUSIONS
In this paper we have studied the downlink of UMTS with the employment of several Multi-User Detectors, namely the Parallel Interference Cancellation (with Clipped Soft Decision), the new proposed Decorrelating, which also eliminates Inter-path Interference, and the combination of both. The BER was taken as a figure of merit. These different MUD approaches were studied using a QPSK modulation and in different scenarios, namely with different spreading factors, different number of users and different propagation environments, namely the Pedestrian A and the Vehicular A propagation models of 3GPP. The mentioned propagation models were selected to evaluate the effect of Inter-Path Interference (IPI) in the performance of the proposed Decorrelating MUD. All the different studied schemes were compared with a RAKE in the receiver (without MUD).
It was shown that the new proposed Decorrelating MUD achieves the best performance in all scenarios. When the level of MAI is lower, the performance achieved with the Decorrelating is even better than that of the single-user. It happens because, even without MAI (single-user), the multipath interference is present, and the Decorrelating MUD allows the cancellation of it.
It was also shown that while the PIC suffers of propagation errors, the new proposed Decorrelating MUD allows the cancellation of the interpath interference, and hence, it performs better when in the presence of higher multipath interference (Vehicular A). For higher levels interference, since the PIC suffers of propagation errors, the performance obtained with the PIC tends to be very poor.
Since most of propagation models of 3GPP present an order/level of multipath diversity closer to the Vehicular A than to Pedestrian A propagation model and due to its lower complexity we shall conclude that the proposed Decorrelating MUD is a good option for operation in the downlink direction. 
